Al 2 O 3 deposited by atomic layer deposition (ALD) was focused as an insulator in metal-insulator-semiconductor (MIS) structures for GaN-based MIS-devices. As the oxygen precursors for the ALD process, water (H 2 O), ozone (O 3 ), and both H 2 O and O 3 were used. The chemical characteristics of the ALD-Al 2 O 3 surfaces were investigated by an X-ray photoelectron spectroscopy (XPS). After fabrication of MIS-diodes and MIS-high-electron-mobility transistors (MIS-HEMTs) with the ALD-Al 2 O 3 , their electrical properties were evaluated by current-voltage (I-V) and capacitance-voltage (C-V) measurements. The threshold voltage of the C-V curves for MIS-diodes indicate that the fixed charge in the Al 2 O 3 layer is decreased by using both H 2 O and O 3 as the oxygen precursors.
Introduction
AlGaN/GaN high-eletron-mobility transistors (HEMTs) with the metal-insulator-semiconductor (MIS) structure are expected to be used for the next generation high-power and high-frequency switching device applications. The MIS-structure is effective for the gate leakage reduction and the large gate voltage swing. As an insulator for the MISstructure, a lot of materials, such as Al 2 O 3 , 1-11 HfO 2 , 10,12,13 SiO 2 , 1, [14] [15] [16] AlN, [17] [18] [19] [20] [21] and SiN, 1, [22] [23] [24] [25] have been studied. Among such insulators, Al 2 O 3 is a promising material due to its relatively large band gap and high dielectric constant, and MIS-HEMTs with Al 2 O 3 have been fabricated by several deposition methods, for example, oxidation of Al layer 1, 4, 5, 9 and atomic layer deposition (ALD). 2, 3, 6, 7, 8, 10, 11 In this study, ALD was focused as the deposition method of Al 2 O 3 . The ALD can offer the oxide layer which is pinhole free and uniform in thickness. In the ALD process, water (H 2 O)
is often used as the oxygen precursor. However, it has been reported that impurities in oxides deposited by ALD on Si can be reduced by using ozone (O 3 ) instead of H 2 O. [26] [27] [28] [29] It is considered that the hydroxyl group (-OH) as an impurity in oxides can be reduced by using O 3 The amount of impurities in the ALD-Al 2 O 3 was investigated by secondary ion mass spectroscopy (SIMS). Table I 
Fabrication and measurement of MIS-diodes
In order to investigate the I-V and C-V characteristics of the MIS-diodes with ALD-Al 2 O 3 , 
Fabrication and measurement of MIS-HEMTs
The Fig. 7(a) , the good pinch-off characteristics was obtained. The maximum I d was 420 mA/mm at a gate voltage of 7 V, and the maximum g m was 80 mS/mm. Furthermore, the V th shift of the MIS-HEMT to the positive direction was observed. One of the reasons of the V th shift might be the electron trap at the gate region. As for the MIS-HEMTs with the H 2 O-based and the O 3 -based Al 2 O 3 , the typical example of the DC I d -V d characteristics is shown in Fig. 7(b) . As shown in Fig. 7(b) , they did not show the pinch-off characteristics. This result seems to be caused by the high interface state and the trap state density due to impurities, such as -OH and carbonates introduced during the ALD process. Figure 8 shows the dependence of the I d and the gate leakage current (I g ) on the gate bias voltage (V g ). The off-state region indicates that the I g was suppressed by the MIS-structure from 10 -2 mA/mm to 10 -9 mA/mm, which was the measurement limit.
Moreover, the forward bias over 6 V could be applied to the MIS-HEMT. In order to reduce the -OH in Al 2 O 3 deposited by ALD and improve the I-V characteristics of MIS-HEMT S , the post deposition annealing (PDA) above 700 o C is effective. 30 However, it was reported that such high temperature annealing generates microcrystallization regions in the ALD-Al 2 O 3 , whose grain boundaries can serve as high-leakage paths. 8 On the other hand, by using both GaN-based MIS-devices. 
Conclusions

